Boron is an important micronutrient that enhances vegetative growth and yield of crops, like peanut. Light also plays an important role in pegging of peanut. There has been little information regarding the application of boron and light in peanut in Bangladesh. Therefore, a field experiment was conducted to study the response of boron and light on morph-physiology and pod yield of two peanut varieties. Treatments considered two peanut varieties, namely, Dhaka-1 and BARI Chinabadam-8, three levels of boron (B), namely, 0-kg B ha −1 (B 0 ), 1-kg B ha −1 (B 1 ), and 2-kg B ha −1 (B 2 ), and two levels of light, namely, normal day light (≈12 h light) and normal day light + 6 h extended red light at night (≈18 h light). Result revealed that days to first-last emergence and days to first-50% flowering took shorter times and vegetative growth, pods dry weight plant −1 , pod yield, and germination were markedly increased with the application of boron. Vegetative growth and germinations were significantly increased in light, but the lowest leaf area, pods dry weight plant −1 , and pod yield were found in light. Without germination, the highest vegetative growth, reproductive unit, and pod yield were observed from BARI Chinabadam-8. Days to first-last emergence, days to first-50% flowering, and number of branches plant −1 were found linearly related to pod yield.
Introduction
Peanut (Arachis hypogaea L.) is one of the most important oil seed crops throughout the world [1] . Boron (B) is a micronutrients required by plants in a very small quantity [2] which are rapidly becoming deficient in soils [3] . Boron is an essential element needed for normal growth and development of peanut plant [4] [5] [6] [7] . Boron makes the stigma receptive and sticky, makes pollen grain fertile, and enhances the pollination [8] . It regulates carbohydrate metabolism and plays role in seed formation [9] . Application of boron in soil significantly increases the growth and yield of groundnut [10, 11] . But boron deficiency problems for crop production have been identified [12] because application of boron in crops is limited at farmer's field [13] . To overcome this problem and to specify the optimum doses of boron in peanuts a little bit of research has been found. So, more research is needed regarding on application of boron at farmer's fields in Bangladesh.
Therefore, it is important to study the effect of boron on morph-physiology and pod yield of peanut.
Light plays an important role in the vegetative and reproductive growth in peanut. The quantity, quality, and direction of light are perceived by several different photosensory systems that together regulate nearly all stages of plant development, presumably in order to maintain photosynthetic efficiency [14] . However, the number of flowers markedly reduces if less light is received by the peanut plants [15] . Total numbers of pegs and pods and therefore yield are lower in long day photoperiods, but vegetative production is higher in long day photoperiod [16, 17] . In peanut, for light supplementation, peg to pod conversation rate and yield are lower [18] , but light stress can lead to ROS (Reactive Oxygen Species) accumulation and antioxidant enzymes activation in plant [19] . Little or no research studies were conducted in Bangladesh to find out the impact of light on peanut. Therefore, the present studies were conducted to find out the effect of boron 2 International Journal of Agronomy and duration of light on morph-physiology and pod yield of peanut. 
Materials and Methods

Plant Material and Treatments.
Two peanut varieties were used in this experiment, namely, Dhaka-1 (Maizchar Badam) and BARI Chinabadam-8. The seeds of the groundnuts were collected from Bangladesh Agricultural Research Institute (BARI), Gazipur, Bangladesh. The experiment was laid out in a 2 × 3 × 2 factorial design with three replications. The experimental unit was 4 m 2 (2 m × 2 m) plot. The first factor was the two peanut varieties, namely, Dhaka-1 (V 1 ) and BARI Chinabadam-8 (V 2 ); second factor was the three levels of boron, namely, 0 kg B ha −1 (B 0 ), 1 kg B ha −1 (B 1 ), and 2 kg B ha −1 (B 2 ) and third factor was duration of light, that is, normal day light (≈12 h light) (L 0 ) and normal day light + 6 h extended red light at night (≈18 h light) (L). In both years, to extend the photoperiod, one month after seed sowing (after seedling emergence), artificial lightening was used by florescence bulb from 1800 h to 2400 h at 30-50,000 lux, measured by lux meter.
Field Preparation and Data
Recorded. The recommended doses of organic manure and inorganic fertilizer were also used for the present experiment. Cow dung, urea, triple superphosphate, muriate of potash, gypsum, and zinc sulphate were applied at 10 tha −1 , 25kg ha −1 , 160 kgha −1 , 75 kg ha −1 , 170 kg ha −1 , and 4 kg ha −1 , respectively. The crop was harvested at maturity stage (114 days after planting (DAP) for 1st EXPT and 120 days after planting for 2nd EXPT); in the meantime randomly three plants of each plots were uprooted and different reproductive data were recorded at 60 DAP and 90 DAP and at harvest.
Data
Analysis. Data recorded in 2014 and 2015 cropping seasons were mean together on account of nonsignificant interaction between year and treatment. Mean data of two trials, days to 1st and last emergence, days to 1st and 50% flowering, plant height, number of branches plant −1 , shoot dry weight, leaf area, pods dry weight plant −1 , and pod yield were analyzed using SPSS (version 20.0) and the means were separated using Tukey's test at ≤ 0.05. Pearson correlation was also analyzed using statistical computer software SPSS (version 20.0).
Results and Discussion
3.1. Days to Emergence. Boron had a significant impact on days to groundnut seed emergence. From the three levels of boron, when B was applied at 2 kg ha −1 , seed took shorter times for days to 1st and last emergence in both the varieties compared to that of control ( Table 2 ). BARI Chinabadam-8 took shorter time to first emergence, but in case of last emergence Dhaka-1 took shorter times. This might be due to the application of boron because boron is the important micronutrient that helps to facilate early germination and faster growth of the hypocotyl [21] . Rerkasem [22] reported that low boron is responsible for poor seed germination and/or seedling establishment in peanut.
In both studies, the extended light was used after 30 days of seed sowing and the effect of light on days to seed emergence could not be observed.
Days to
Flowering. The application of boron at 2 kg ha −1 facilitated 2 days early of 1st flowering and 3 days early of 50% flowering ( Table 2 ). Result revealed that the application of B at 2 kg ha −1 , 1 kg ha −1 and control had a significant variation of days to flowering because application of B had pronounced influence on flowering [23] . Singh et al. [23] reported that B application caused 2-3 days of early flowering. There was an evidence that application of boron reduced days to 50% flowering by 4-5 days over control in peanut [24] .
Though light treatment showed 1 day early of flowering (50% flowering), in spite of light treatment, we could not 4 International Journal of Agronomy this might be due to slow release of available form of boron from boric acid and probably environmental factor was involved to get highest plant height from control treatment. In the rest of sampling dates boron at 2 kg ha −1 showed the best result for both of the varieties compared to control treatment, but Dhaka-1 showed the best result over BARI Chinabadam-8 ( Table 2 ). This might be due to the fact that boron helped in cell elongation and meristematic tissue development in plant [25] . It was reported that plant height increased with the application of boron in peanut [10] . The significant increasing trend of plant height was also obtained from light treatment for both of the varieties. Artificial light showed the highest plant height than control ( Table 2) . Light had a positive effect on cell development and plant growth rate significantly influenced by light in peanut [26] . Wynne and Emery [27] stated that long day photoperiod produced taller plant than the short day photoperiod.
Number of Branches Plant
The effect of boron on the number of branches plant −1 was significantly higher for both varieties. The highest number of branches plant −1 was obtained from 2 kg B ha −1 compared to 1 kg B ha −1 and control ( Table 3 ). The increasing trend of number of branches plant −1 is due to the fact that B helped in side branching and it also promoted the vegetative growth of peanut [11] . The similar result was reported that number of branches plant −1 increased with application of boron in peanut [10, 28] .
Light had a positive effect on number of branches plant −1 . Additional light helped to increase the number of branches plant −1 in peanut (Table 3 ). This might be due to the fact that light helped in cell elongation and cell development and plays crucial role in increasing the vegetative growth in peanut [18] . Wynne and Emery [27] have also reported that vegetative growth increased in long day treatment.
Shoot Dry Weight Plant
With the increase of dose of boron, a significant increment in shoot dry weight plant −1 was observed from the present study. Maximum shoot dry weight was recorded from B at 2 kg ha −1 and BARI Chinabadam-8 showed the best result over the Dhaka-1 variety ( Table 4 ). Boron had a positive effect on vegetative growth as like plant height and number of branches. And as a result shoot dry weight might be increased due to the application of boron in peanut plant [10] . Harris and Brolman [5] also reported that shoot dry weight increased with the application of boron in peanut.
With the supplementation of artificial light, shoot dry weight markedly increased and the highest shoot dry weight was recorded from light treatment ( Table 4 ). The reason behind the result might be due to the fact that extended photoperiod helped in increasing the vegetative growth [29] . Since vegetative growth was higher in light treatment, shoot dry weight might also increase for supplementation of light. The present finding is consistent with the finding of Nigam et al. [18] . 3.6. Leaf Area Plant −1 . Leaf area increased with the application of boron in case of both varieties. Leaf area significantly increased for B at 1 kg ha −1 and the lowest was found from control (Table 4) ; probably in boron deficiency soil, supplementation of boron helped in the leaf expansion of peanut [30] . Kabir et al. [10] also reported that the leaf area increased with the application of boron. Leaf area of both varieties increased gradually with the advancement of growth stage that was up to 90 DAP and then decreased at harvest. This might be due to the fact that vegetative growth was highest up to 90 DAP and then photosynthates diverted to pod development because we found highest pod dry weight at harvest. Data (Table 4 ) showed that leaf area was significantly lower in light treatment compared to control. The lowest leaf area was observed from light treatment and this result is not supported by the report of Nigam et al. [18] . Imposition of light did not increase the leaf area; probably photosynthates increased leaf thickness instead of leaf area. In this study leaf thickness was not monitored.
Pod Dry Weight Plant
Pod dry weight plant −1 was adversely affected in control and with the application of varying levels of boron in peanut a significant increment in pod dry weight plant −1 was found. Result showed that 2 kg B ha −1 produced the highest value of pod dry weight plant −1 compared to that of control and BARI Chinabadam-8 produced maximum pod dry weight (Table 5 ) because B helped in flowering, pod retaining and increased pod weight [31] . The present finding agreed with the findings of Quamruzzaman et al. [32] and Chitdeshwari and Poongothai [33] .
Lowest pod dry weight was recorded in the light treatment for both varieties (Table 5 ). Extended photoperiod had limited impact on reproductive growth as per Bagnall and King [16] . Quamruzzaman et al. [32] stated similar findings.
Pod
Yield. Significant pod yield variations were observed from the varying boron levels and maximum yield was recorded from B at 2 kg ha −1 whereas BARI Chinabadam-8 gave best result as compared with Dhaka-1 ( Table 5 ). Boron had a positive effect on the reproductive development of peanut and significantly increased the pod yield [34] . Naiknaware et al. [35] reported that application of boron increased the number of pegs and pods and finally it helped to get the maximum pod yield of peanut.
Light plays a vital role in pod yield of peanut. In case of imposition of artificial light, pod yield was decreased ( Table 5 ). This might be due to the fact that extended photoperiod limits the reproductive development of groundnut [29] . The present finding is consistent with the findings of Ansari et al. [31] and Wynne and Emery [27] .
3.9. Germination Percentage. After harvesting seeds were stored in normal store condition and after 3 months the germination percentage was checked for both of studies.
Germination percentage showed significant variation due to different levels of boron application (Figure 1 ). Data revealed that 2 kg B ha −1 showed the highest germination percentage (90.67%) and control showed the lowest germination percentage (82.00%) for both varieties. Boron is responsible for vigorous seedling [22] . The present finding is consistent with the findings of Gupta and Solanki [36] .
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International Journal of Agronomy Germination percentage of peanut showed statistically significant variations with the imposition of light for both varieties. It was observed that light treatment showed highest germination percentage (87.33%) compared to control treatment (84.44%) (Figure 1 ). Little or no information is available regarding this finding. This might be due to the fact that crop cultivated under artificial light helped to get viable seed as well as vigorous seedling.
3.10. Coefficient of Determination. Some significant correlation among days to 1st emergence, days to 1st and 50% flowering, number of branches plant −1 at 30 DAP, 60 DAP, and 90 DAP and at harvest was found out. Correlation of coefficient ( Table 6 ) and coefficient of determination showed that with decrease of days to 1st emergence, 1st flowering, and 50% flowering, the pod yield of peanut was increased. On the contrary, with the increase in number of branches plant −1 at all the sampling dates, the pod yield of peanut was increased (Figures 2-5 ). 3.11. Correlation ( ). A significant correlation was found out among the days to first-last emergence, days to first-50% flowering, and number of branches plant −1 . Correlation of coefficient showed that boron had a positive effect on growth and reproductive unit whereas growth and reproductive unit are positively correlated with yield of peanut (Table 6 ).
Conclusion
The present investigation indicated that the application of boron on soil has a positive effect on vegetative growth, yield performance, and germination percentage of peanut. Light treatment showed the best result for plant height, number of branches plant, shoot dry weight plant, and germination percentage, but light had a negative effect on leaf area, pods dry weight plant, and pod yield. It was also observed that BARI Chinabadam-8 produced the best result for all studied parameters except plant height. Therefore, it can be concluded that the application of boron and supplementation of artificial light helped to increase the vegetative growth, yield, and germination behavior of peanut.
